Presentation of the Nephrology Quiz and Questionnaire has become an annual tradition at the meetings of the American Society of Nephrology. It is a very popular session judged by consistently large attendance. Members of the audience test their knowledge and judgment on a series of case-oriented questions prepared and discussed by experts. They can also compare their answers in real time, using audience response devices, with the answers of program directors of nephrology training programs in the United States acquired through an Internet-based questionnaire. Topics presented here include fluid and electrolyte disorders, transplantation, and ESRD and dialysis. Cases representing each of these categories along with single best answer questions were prepared by a panel of experts (B.F.P. and Drs. Fervenza, Brennan, and Mehrotra, respectively). The correct and incorrect answers then were briefly discussed after the audience responses, and the results of the questionnaire were displayed. This article tries to recapitulate the session and reproduce its educational value for a larger audiencethe readers of CJASN.
Electrolytes Case 1
A 50-year-old man presents with weakness and lightheadedness; 2 months ago, he was diagnosed with central diabetes insipidus attributed to head trauma sustained during a motor vehicle accident. He was subsequently discharged on 10 mg intranasal desmopressin two times daily, which effectively controlled his polyuria. His discharge laboratory values were normal. Over the last 3-4 weeks, he has noticed the gradual onset of increasing fatigue, generalized weakness, and progressive anorexia; 1 week ago, he began to complain of lightheadedness on standing. The dose of desmopressin required to control his polyuria has decreased to 5 mg one time daily. His past medical history is significant for pulmonary sarcoidosis diagnosed by bronchoscopy 5 years ago but never treated. Physical examination shows a well developed, slightly lethargic man in no acute distress. He is afebrile, and his BP and pulse are 90/58 mmHg and 110/min, respectively. The remainder of the exam is normal. Laboratory data are given in Table 1 .
Question 1 (Figure 1 has responses of program directors and attendees): which one of the following tests can best account for the clinical findings and electrolyte abnormalities in this patient?
A. Cortisol and adrenocorticotrophic hormone (ACTH) levels B. Plasma aldosterone level C. Plasma angiotensin-converting enzyme level D. Plasma insulin and C-peptide levels E. Plasma vasopressin levels
Discussion of Question 1
Patients who have sustained traumatic brain injury are at risk for various disturbances in the hypothalamicpituitary-adrenal axis. In addition to this patient's obvious diabetes insipidus, he has developed adrenal insufficiency from impaired ACTH secretion (choice A is correct). Central diabetes insipidus is a well known complication of head injury and has been reported to occur in 21%-26% of patients after traumatic brain injury (1) . In most cases, the disorder is transient, lasting only a few days or months, but it can be permanent in approximately 7% of cases. Permanent forms of the disease are more likely to occur when the pathologic process is localized high in the hypophyseal hypothalamic tract, such that neuronal degeneration occurs in the supraoptic and paraventricular nuclei. Lesions lower in the tract, usually below the median eminence, tend to produce only transient diabetes insipidus.
Rarely, a triphasic pattern can be observed when diabetes insipidus develops after head injury or surgery involving the pituitary or the hypothalamus (2). Initially, a diuretic phase results, which lasts for 5-6 days and corresponds to no arginine vasopressin (AVP) release because of injury-related neuronal shock. This phase is followed by a period of antidiuresis, which is thought to be caused by the leakage of AVP from degenerating neurons. This intervening phase may last from several hours to days. Because urinary dilution is impaired during this time, ongoing water administration can lead to the rapid development of hyponatremia. The third phase is characterized by another period of diabetes insipidus. Whether the disease will be permanent and what extent AVP release is impaired will depend on the location and severity of the insult.
A critical feature in this case is to recognize the gradual development of secondary adrenal insufficiency, which occurs with an incidence as high as 20% in patients with traumatic brain injury (3) . The onset of the disorder is not always apparent immediately after the traumatic event but only becomes demonstrable days to weeks thereafter. The slow onset of fatigue, weakness, and lightheadedness along with hypotension and laboratory findings of hyponatremia, hypoglycemia, and peripheral eosinophilia are all characteristic of glucocorticoid deficiency. A low plasma cortisol and ACTH would be the most appropriate tests to diagnose secondary adrenal insufficiency in this setting, making choice A the correct answer.
The effect of glucocorticoid deficiency to attenuate the clinical manifestations of central diabetes insipidus explains the decreased amount of desmopressin required to control the polyuria in this patient. The idea that glucocorticoid deficiency can impair urinary dilution through an AVP-independent mechanism was initially recognized years ago after reports describing a marked attenuation in the manifestations of diabetes insipidus after destruction of the anterior pituitary (4) . In addition, other cases were described in which glucocorticoid replacement therapy would precipitate polyuria in patients with underlying but previously unrecognized diabetes insipidus. Studies in the Brattleboro rat with hereditary hypothalamic diabetes insipidus are also supportive of an AVP-independent effect of glucocorticoids on renal water handling (5, 6) . When these animals are made glucocorticoid-deficient, the ability to excrete an acute water load is decreased, and minimum urinary osmolality is impaired.
The nature of this AVP-independent effect is likely related to a decrease in systemic and renal hemodynamics. Glucocorticoids are known to have a positive inotropic effect on the heart, and cardiac performance is subnormal in glucocorticoid deficiency. In experimental animals, glucocorticoid deficiency decreases cardiac index and renal blood flow and is associated with increased renal vascular resistance (5) . Isolated glucocorticoid deficiency can also give rise to hypotension by decreasing vascular responsiveness to neurohumoral effectors, such as angiotensin II, norepinephrine, and other vasoconstrictor hormones (7). These hemodynamic changes can lead to a decrease in GFR and an increase in proximal tubular volume absorption, limiting delivery of filtrate to the diluting segment and thus, impairing free water formation (4-6). These same changes likely accounted for the azotemia in this patient characterized by a disproportionate rise in the BUN relative to the serum creatinine concentration. In addition to hemodynamic changes, glucocorticoid deficiency may also increase collecting duct water permeability through increased aquaporin 2 abundance (8) .
Measurement of plasma aldosterone levels (choice B) is not correct. In patients with secondary adrenal insufficiency, aldosterone secretion is typically normal, because the release of aldosterone in the zona glomerulosa is primarily under the control of angiotensin II and the serum potassium rather than ACTH. In addition to the clinical setting, the absence of salt wasting and hyperkalemia also argue against mineralocorticoid deficiency.
Measurement of plasma angiotensin-converting enzyme levels (choice C) is incorrect, because the result would not be of use in the diagnosis of secondary adrenal insufficiency. This patient had a known diagnosis of sarcoidosis, and circulating levels of angiotensin-converting enzyme are frequently elevated in untreated patients. Although neurosarcoidosis has been reported to cause combined central diabetes insipidus and secondary adrenal insufficiency, the abrupt onset of the clinical manifestations temporally linked to the head trauma makes neurosarcoidosis an unlikely diagnosis in this patient.
Sarcoidosis can lead to disturbances in the regulation of plasma tonicity through a variety of mechanisms. Central diabetes insipidus is well described as a complication of granulomatous infiltration into the hypothalamus. Hypothalamic infiltration or more rarely, direct infiltration into the anterior pituitary can lead to impaired release of ACTH and secondary adrenal failure, which was present in this case (9) . Primary polydipsia with adequate endogenous AVP has also been described in these patients (10) . Sarcoidosis is also associated with nephrogenic diabetes insipidus, most commonly as a result of hypercalcemia but also as a complication of granulomatous interstitial nephritis.
Although sarcoidosis-through increased production of 1,25-dihydroxy vitamin D levels-may have contributed to the increased plasma calcium concentration noted in this patient, ACTH deficiency has also been implicated in the development of hypercalcemia. As discussed earlier, cortisol impairs hemodynamics, and as a result, proximal reabsorption of calcium is likely to be increased. In addition, cortisol deficiency leads to increased effect of thyroid hormone on bone, causing increased bone turnover and subsequent mobilization of calcium into the circulation (11) .
Choices D and E are also incorrect. The hypoglycemia in this case is a manifestation of glucocorticoid deficiency, and insulin levels would be expected to be low. Measurement of plasma vasopressin would offer no additional insight into the clinical findings and electrolyte abnormalities in this patient.
Electrolytes Case 2
A 33-year-old man with known CKD is admitted with increasing dyspnea. He has had several admissions over the last 6 months for chest pain and severe hypertension that developed in association with smoking crack cocaine. In addition to using crack cocaine, over the last 2 days, he started using intranasal cocaine after obtaining the drug from a new source. One day before admission, he noticed the gradual onset of increasing shortness of breath, later accompanied by development of a bluish perioral discoloration. Past medical history is significant for stage 5 CKD secondary to poorly controlled hypertension. Physical examination reveals BP of 180/110 mmHg, pulse of 104 beats/min, and respiratory rate of 22 breaths/min. His lips and nail beds are a dark grayish-brown color. The lungs are clear to auscultation. The remainder of the exam is normal.
Laboratory data are given on Table 2 . Question 2 ( Figure 2 ): which one of the following best describes the acid-base status of the patient?
A. Respiratory alkalosis and anion gap metabolic acidosis B. Anion gap metabolic acidosis and metabolic alkalosis C. Anion gap metabolic acidosis, metabolic alkalosis, and respiratory acidosis D. Anion gap metabolic acidosis, metabolic alkalosis, and respiratory alkalosis E. Metabolic alkalosis and respiratory acidosis Question 3 ( Figure 3 ): which one of the following adulterants is most likely to be contained in the cocaine?
A. Levamisole B. Benzocaine C. Bath salts (methylenedioxypyrovalerone) D. Methamphetamine E. Phenacetin 
Discussion of Questions 2 and 3
Question 2 deals with identification of the acid-base disturbances in this patient with stage 5 CKD who is actively using cocaine obtained from a variety of sources. This patient has a triple acid-base disturbance (anion gap metabolic acidosis, metabolic alkalosis, and respiratory alkalosis), making choice D the correct answer. The answer to Question 3 is suggested by the discrepancy between the oxygen saturation by pulse oximetry and the blood gas, which suggests the presence of acquired methemoglobinemia. The adulterant that can cause this is benzocaine (choice B). As with any case, one should use a systematic approach to the interpretation of serum chemistries to identify not only overt abnormalities but also subtle disturbances that may be hidden in a routine basic metabolic profile (12) .
A useful starting point is to examine the serum sodium concentration (Na + ) to determine if a disturbance in the plasma tonicity is present. In this case, the serum Na + is normal, and one can then proceed to examination of the serum chloride concentration (Cl 2 ). One should always examine the serum Cl 2 with respect to the serum Na + . Because the serum Na + either increases or decreases because of disorders in tonicity, the serum Cl 2 will change in parallel and to the same extent. Whenever the serum Cl 2 moves in a direction opposite or changes disproportionately to the change in serum Na + , an acid-base disorder is suggested. A decrease in serum Cl 2 with respect to the serum Na + -as present in this case-suggests the presence of either chronic respiratory acidosis or metabolic alkalosis. The fall in serum Cl 2 will be accompanied by an increase in the serum bicarbonate concentration (HCO 3 2 ) in these conditions. The next step is to calculate the serum anion gap. Calculation of the anion gap should be a routine part of the examination of every set of electrolytes, no matter how normal the individual values may seem. In this case, the anion gap is 25, thus identifying the presence of anion gap metabolic acidosis as at least one of the acid-base disturbances present in this case.
Given the presence of an anion gap metabolic acidosis, the next step is to determine if the measured serum HCO 3 2 is equal to the predicted serum HCO 3 2 . In general, the serum HCO 3 2 concentration will fall by an amount equal to the increase in anion gap. Assuming a normal value of 12, the anion gap has increased by 13 in this case. One would predict that the serum HCO 3 2 should be approximately 11 mEq/L assuming a normal value of 24 mEq/L (24213=11). To explain the normal serum HCO 3 2 in this setting, one concludes that a metabolic alkalosis is also present. Thus, the patient has at least two acid-base disorders: an anion gap metabolic acidosis and a metabolic alkalosis. If no other acid-base disturbance is present, the pH of the blood should be close to normal, because the severity of the two disturbances is approximately equal, which is reflected by a normal HCO 3 2 concentration. In this case, the arterial blood gas shows evidence of alkalemia and a decreased pCO 2 . These findings are consistent with the presence of respiratory alkalosis. Thus, the acid-base disturbance in this case is anion gap metabolic acidosis, metabolic alkalosis, and respiratory alkalosis. The remainder of the discussion will focus on the cause of each of the acid-base disorders identified, which is the focus of question 2.
Metabolic alkalosis in a patient with stage 5 CKD is uncommon, and when present, it is usually because of vomiting or aggressive use of loop diuretics, neither of which was present in this case. In the setting of normal renal function, alkali ingestion rarely causes metabolic alkalosis, because the normal kidney has a tremendous capacity to excrete excess bicarbonate (13) . However, intake of alkali can result in metabolic alkalosis when given in the setting of a severely reduced GFR. The cause of metabolic alkalosis in this patient was exogenous intake of alkali through excessive use of crack cocaine. A similar case has been previously described in a dialysis patient who, after extensive crack cocaine use, developed a serum bicarbonate concentration of .40 mEq/L on multiple occasions (14) .
Cocaine hydrochloride is the salt form of the drug. This form is not suitable for smoking, because the temperature at which it vaporizes is very close to the temperature at which it burns. By contrast, cocaine base vaporizes at a low temperature, making it more suitable for smoking. Free base is made by dissolving cocaine hydrochloride in water and then adding an alkali, such as sodium hydroxide. The chemical reaction produces a precipitate that is composed of excess sodium hydroxide and the free base cocaine. Often, talc or baking soda is added to increase the weight and thus, the street value of the preparation. The final product can contain a considerable quantity of base, which in the setting of CKD, can lead to an increase in the serum bicarbonate concentration.
The cause of the respiratory alkalosis and anion gap metabolic acidosis is directly linked to the underlying diagnosis in this case. Shortly after using cocaine obtained from a different source, the patient complained of increasing shortness of breath and developed a cyanotic appearance in his lips and nail beds. An arterial blood gas on room air showed a normal pO 2 , but the oxygen saturation as measure by pulse oximetry was reduced to 88%. These findings are all consistent with a diagnosis of acquired methemoglobinemia. The most likely cause is benzocaine (choice B), which is a local anesthetic commonly used as an adulterant in preparations of cocaine (15, 16) .
The use of benzocaine as a cocaine adulterant is popular, because the drug gives the user a sense of increased potency because of the anesthetic effect on nasal passages. Methemoglobinemia is a well recognized, albeit uncommon, side effect resulting from benzocaine-induced oxidation of iron in hemoglobin from its ferrous (Fe ++ ) to its ferric (Fe +++ ) state. Ferric iron (Fe +++ ) binds oxygen ineffectively, whereas the remaining ferrous iron (Fe ++ ) binds oxygen with enhanced affinity. The combined effect of poor oxygen binding and decreased oxygen release leads to tissue hypoxia and cyanosis, providing a stimulus for increased ventilation and development of respiratory alkalosis (17) .
Tissue hypoxemia resulting in increased lactic acid production is the most likely cause of the anion gap metabolic acidosis. Other causes of lactic acidosis in association with cocaine ingestion include seizures, rhabdomyolysis, and increased production because of struggling against restraints (18) (19) (20) . With regards to the latter mechanism, cocaine blocks the presynaptic reuptake of norepinephrine, thereby increasing the amount of the neurotransmitter at postsynaptic receptor sites and thus, potentially increasing muscle lactate production for any given level of exertion. In addition, excessive sympathetic nerve stimulation through vasoconstriction can impair delivery of lactate to the liver, further increasing blood levels.
Methemoglobinemia should be suspected in patients who appear cyanotic but have a PaO 2 sufficiently high that hemoglobin should be fully saturated. In addition, the oxygen saturation calculated from blood gas analysis is higher than the value obtained by pulse oximetry, giving rise to a saturation gap (21) . The standard pulse oximeter measures light absorbance at two wavelengths (660 and 940 nm, corresponding to oxyhemoglobin and deoxyhemoglobin, respectively) and determines oxygen saturation based on a ratio of absorbance at the two wavelengths. The presence of methemoglobin alters the light absorbance and the resulting ratio in such a way that the pulse oximetry reading approaches a value of 85%, regardless of the actual hemoglobin saturation. CO oximetry is a more accurate method for determining methemoglobin levels, because this method measures light absorbance at four different wavelengths, each corresponding with oxyhemoglobin, deoxyhemoglobin, carboxyhemoglobin, and methemoglobin. The treatment of methemoglobinemia is administration of methylene blue (22) . This compound reduces the iron in hemoglobin to its normal oxygen-carrying state (Figure 4) .
The other choices in question 2 have not been associated with methemoglobinemia. Levamisole (choice A) is an antihelminthic often used as an adulterant in cocaine, because it may enhance the euphoric effect of the drug. This adulterant has been linked to an antineutrophil cytoplasmic antibody-positive vasculopathy characterized by neutropenia and purpuric skin necrosis (23) .
Methylenedioxypyrovalerone is the primary ingredient in what are labeled bath salts (choice C). Intoxication with this psychoactive drug gives rise to psychotic features and manifestation of adrenergic excess, and it has recently been linked to the development of recurrent AKI (24) . Methamphetamine (choice D) is a stimulant, which when abused, results in manifestations of adrenergic excess. Chronic use of the agent can give rise to poor dental health with development of severe caries, a finding referred to as meth mouth (25) . Phenacetin (choice D) is also commonly used as an adulterant in cocaine, presumably for its analgesic properties.
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